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Ane~erimentalinvestigationoftheeffectofseveraloil
titrOaudi~ pammetersonthetempemtureof75-millimeter-bore
(size215)cylindrical-roller,inner-race-ridingcage-t~ebearings
overa rangeofDNvalues(productofthebearingboreinmuandthe
shaftspeedinrpm)from0.3~x 106to1.43x 106andstaticradialloads
to368poundswithsingle-jetcircuitingollfeedisreportedherein.

Fortheoil-jetpositionsinvestigated.,theinner-andouter-race
bearingtemperatureswerefoundtobeata minimumwhentheoilwas
directedatthecage-locatingsurfaceperpendiculartothebearing
face.Inconsequenceoftheforegoingfindings,W subsequent
investi~tionswereconductedwiththelubricantdirectedatthecage-
locatingsurfaceandperpendiculartothehearingfac8;andtherefore‘
thefol.lowingresultsandconclusionsapplyonlyundersucha lubri-
catingcondition:

Ii’orallvaluesofoilflowandaXloil-Jetdiametersinvestigated,
theouter-mcemaximumtemperatureincreasedlinearlywithanincrease
inDNvalue;howeverjtheinner-racetemperatureincreasedwithDN
valueata rateslightlygreater_ linear.

Anincrease’inoilinletvelocityata givenflowdecreasedboth
theouter-raceandinner-racetemperatures.Itappearedthata point
ofaitiimg returnsregzmiingthe
oilinletvelocityoccurredatabout
operatingconditionsinvestigated.

effectivenessofanincreaseof
60feetpersecondforthe

.
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Heat-transferconsiderati&s
nuniberofparamterswhendealing

Variablestobeplottedshouldbe

IWCATN2216

Micated that tominimizethe
withinner-racetemperaturesthe
(~-TO1) ~ ~ n time

(DIf)y ()M
(T~-To~)isthedifferencebetweau.&e-tier-racebearingtemperature ~
andtheoilinlettemperature,DNistheproductofthebearingbore
inmititers andtheshaftspeedinrpm,d istheoil-seta~ter,
M istheoilflow,and n and y areconstants.Itwasfound
empirically,however,thattievariable(d””8/M)ngavebetter
correlationthandid (d/k)n.

~. BE3Q ()~0.80.4(~)1.2 wasplottedagainst
Y fora givenoperating

condition,a representativesingleskightlineresultedregardlessof
whetherbearingspeed,oilflow~orjetdiameterwasvaried.The
restitsofthisinvestigationaregraphicallypesmt~ h=e~=.

INTRCIOUCTIOIV

Theoilsupplic@tohigh-speedroUing-cc@actbearingsper&ms
twoprincipalfictions:lubricatingandcoo-. Thelubricating
functionoftheoilina high-speedrollerbearingiscriticalinthat
lubricationfailuresoccuratthecage-locatingsurfaces(reference1

oil
Gurney’sdiscussioninreference2). Thecoolingactlcmofthe
bastwoprimaryeffects:

(1) Tomaintain bearingtemperaturesluwenoughtopre&mt
softeningbytempe~ ofthebearingmaterialtherebymaintai-
ningmaximumhardnessandmaximumbearingltt’e

(2)Tokeepthebearingsurfacescoolenoughtopreventtheoll
itselffrombrealdngdownexcessively.

Theheatgeneratedwithina rol~n-contactbearingincreases
withanincreaseinopemtingspeed.TheDI’Ivalue(bearingborein
mmtitiplieclbytheshaftspeedinrpm)isconsideredtobean ,
indicationofbearingoperatingseveritywithregardtothegbmration
ofheatwithinthebearing.Ithasbeenfoundinpracticethatbear-
ings.begintooverheatatDEvaluesbetween0.5x 106and1 x 106depend-
ingupontheapplication(reference3). In-thesecases,coolingmust
beprovidedeitherbyadditionalormoreeffectivelubricantflow
throughthebear- orbyexternalCoollng$.foremqplejbymeans

.
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ofa coolingmdium.flowingthrougha passagewayintheshaftorbear-. inghousing.Heatflowtothebearingeither“Wmou@theshaft,the
housing,orduetohi@ ambienttemperaturerequiresadditionalcooJant.

P
E Thecage-locatingsurfaceisthecriticalareaina high-speed

roller-bearing(references1 and2). Althoughthecagemay‘belocated
ontheInnerrace,therollers,ortheouterrace,thisinvestigation
waslimitedtotheinner-race-ridingcage.Forrace-ridingcages,the
locatingsurfaceisa sleevebearingofextremdysmalllength-diameter
ratioandthereforeofverylowloadcapacity.Operaticmattheloca-
tingsurfaceofthecageislikelytooccurintheboundaryregionof
lubrication.Thecage=terialandthesurfacefinish,aswe~ asthe “
lubricant,arethereforesignificantfactorsaffectingthefriction
characteristicsandhencetheheatgeneratedwithinthebeartig.Meny
failuresofhigh-speedrollerbearlngeoccuratthecagesurfacesand
aredesignatedlubricationfailures.

J:

.

Hi&-speedr.oll.inn-contadibear~s inaircraft@s-turbineengines
arecurrentlylubricatedwithanoil-airmistorwithoilflowingfrom
a sfnglejetdirectedbetweenthebearingraces.Theinvestigation
reportedheretiisa continuationoftheworkreportedinreference1,
andwascmductedattheNAM Lewislaboratoryinordertocompareand
toevaluatetheeffectsofoil-hletlocation,angle,andvelocityon
outer-audinner-racebearingtemperaturesforsingle-Jetlubricaticm
overa widerangeofvariables.

CyMndrical-rollerbearingscurrentlyemployedastheturbine
rollerbearinginaircraft~s-turbineengineswereusedastest
.bearingsinthistivesti~tion.Thesebearingswereof75-millimeter-
bore(size215),25-millimeterwid~,and130-millimeteroutsidediame-
terandwereequippedwitha one-piece,inner-race-ridingbrasscage.
Therangesofcontrolledvariablesinthisinvestigationwere:loads,
113and368pounds;DIJvalues,0.3X 106to1.43X 106;oilflows,0.6to
12.9poundsperminute;andoilinletvelocities,13to200feetper
second.

APPARAm

Bear- rig.-Thebearingrig(fig.1)usedforthisinvesti- -
gationisthesameasthatusedinreference1. Thebearingunder
investigationwasmouutedononeendofthetestshaft,whichwas
supportedina cantileverfastion,forpurposesofobservingbearing
componentpartsandlubricantflowduringoperation.A radialload
wasappliedtotheexperimentalbearingbymeansofa leveranddead-
weightsysteminsucha mnnerthattheouterraceoftheexperimental
bearingwasessentidd.yunaffectedbysmallshaftdeflectionorby
smallShaftandloadarmmisalinements.
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l?hesuppcmtWarlngswerelubricatedinthesame
oribedinreferenoe1. Forallrunsreportedhereln~

“

.
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maunerasdes-
theoilwas

suppliedto the support bearings at‘a temperatureof100°E’anda
pressureof10poundspersquareinchtbrcughO.180-inch-diameterjets.

Thedriveequipment isdescribedinrefereme1. Thespeedrange
ofthetestshaftis800to50,000rpmocn~olla”letowithin*3Orpm.

Testbearings.-Threetestbbarings(tableI)wereusedforthis
investigation;thesebearingswerest?adardcylindricalturbineroller
bearingsofa conventionalaircraftgas-turbineengtne.Thebearing
dimensimswere:bore,75millimetms;outsidediameter,130milli-
Metms;andwidth,25milJ.imeters, Thebearingswereequippedwith
one-pieoeinner-race-ridingbrasscages.Theoperatingconditions
imposedonthistypeofbearinginengineserviceareasfollows:
Dllrange,0.3x106to0.86x106;approximategravi@load,375pounds;
Oil flCW,0.8tC2pclllldsp= Millllti. .

Theb-ings imesti@edarenumberedconsecutivelyfromthe
firstpartoftheinvesti~tion(reference1);bearihg6 ofreference1
istiesamebearingasWaring6$whichisdiscussedherein.

!eeqleraturemeasurement.-The~thOa oftemperaturemeasurement
isdescribedinrefmence10 Iron-conetantanthermocoupleswerelocated
at60°intervalsaroundtheouter-raceperipheryattheaxialcenter
lineofthebearingunderimresti~tim.A C~=-CCllStW.ltEUlthermc-
ocuplewaspressedagainattheboreoftheinuerraceattheaxial
midpointofthetestbearing;thevoltagewastransferredfromthe
rotatingshaftbymeansofsliprings..

Lubricationsystem.-Thehibricatingsystemisdescribedin
refemence1 withtheexceptionthatchangesweremadetoincreasethe.
upperlimitoftieoil-supplypressuretothetestWaringfrom90to
400poundspersquareinch.

PROCEDUKE

Lubricatingoftestbearing-L~cant at100oF wassupplied
totheWaringundertivestigati~throu@singlejetsofvarious
sizes‘cvema rangeofoilflowsfrom0.6to12.9poundsperminute.

& a prelhinaryinvesti~ticn,theradiallocationandtheangle
ofthejetwerevariedwithrespecttothebearinginordertodetermine
theoplzhnumradialandangularpositimswithre~d tobearingopera.
tingt~eratares.

.
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Twosetsof$etsizeweretheninvesti~ted
acoordingtotheoptimumpositionsdetezWmdin
investigation.TheA seriesofjets(fig.2(a))

wi”ththeolldirected
thepreliminary
hEUIfOW a*tOr

sizes:‘0.180$0.157j0.129$and-0.089~ch &n~-arehereinafter
designatedtype-Ajets.TheB seriesofjetshadsixdiamet=sizes:
0.129,0.089,0.066,0.048,0.035,and0.023inchandaredesignated
type-Bjets(fig.2(b)).Thetype-Bjetshada langth-dameterratio
of19 Q,

A discussionoftheeffectofoilviscosityonflowthrougbthe
$etsaswellasa discussionconcerningthecausefora disoontinui~
qfthepressure-flowcurvesfcmcertainjetsizesispresentedin
appendixA.

Thepropertiesoftheoilusedaregiventifigure3. Thisoil
wasthesameasthatusedinreference1 and@ a wmmerciallyprepared ‘
blendofa highlyrefinedparaffinbasewitha smallpercentageofa
polymer@tiedtoimproveviscosityindex.

Test-bearingmeamaremmts.-Thetest-bearingmeasurementswere
obtainedinthesamemannerasdescribedinreference1 d aregiven
intable1.

RE8UUCSANDDlSOUS810N

Experimental Results

Theresultsofthee~erimental.investigationarepresentedin. figures4 to13. Bearingtemperaturewaschosenastheprincipal ‘
criterionofoperationinaehuchas* thefinalanalysisteqpqture
isanovez-all.indicationoftheeffectsofalloperatingconditions.

IKfeotof radiallocationofoiljet.-Theeffectofoil-inlet
radialI.ocatimontheopea’stingtemperatureofbearing8 isshownIn
figure4 fora DNof1.2x 106. Oilwasdirectedperpendicularto
thebearingfaceatthethreeradialI.ocatiausehuwnintheinset,
thatis,atthespacebetweenthecageandtheouterrace,atthe
spacebetweenthecageandtheinnerrace,andatthecageitself.
Thedatashowthatofthethreepositionsinvestigated,whenthe011
wasdirectedatthecage-locatingsurface,thatis,betweenthecage
andtheinnerraceforthisbearing,(oil-jetlocationA,fig.4)
lowerouter-racemaximumandinner-racetemperaturesresult.A mcme
fa’mrableouter-=cecircumferentialtemperaturedistributionalso
resultsovertheentireflow-e Investigated.

.

.
*
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1.43
Thstiestigatihwasextended
x 106todqterminewhetherthe

overa DNrangefrom0.3x 106to
markeddifferenceobservedata “ .

DNof1.43x 106alsoexistedattheotherspeeds.Theresultsshowed
that,whentheoilisdirectedatthecage-locatingsurface,more 3
uniformouter-racecircumferentialtemperaturedistributionandlower d
temperaturesexistovertheentirespeedrange. l-l

. I?ffectofangleof.impingementofoiljets.- - ordertodeter-
minewhethertheangleofoil-jetimpingementsignificantlyinfluenced
bearingoperatingtemperature,aninvestigationwasundertakenusing
bearing9witha singleoiljetdirectedinthefivepositionsshown
intheinsetoffigure5. = eachpositionthejetwassoadjusted
thatthestreamofoilwasdirectede~ctlyatthecage-locatingsur-
face.A plusangleindicatesthatthejetwasdirectedoppositeto
thedirectionofshaftrotationanda minusangleindicatesthatthe
jetwasdirectedinthedirectionofshaftrotation.Theresultsare
showninfigure5wheremaxhum,mean,andminimumouter-raceandthe
inner-racetemperaturesareplottedagainstoil-inle~angleovera
rangeofDllfrom0.3x 106to1.43X 106ata loadof113pounds.

5 effectofoil-inletemgleismorepronouncedatthehigher
DNvalues.Thsminimumtemperaturesoccurwhentheoilisdirected
eitherperpendicularlytothebeqrimgfaceorata slightplusangle;
thsreforea jetperpendiculartothebeeringappearstobethebest“
eolution.A greaterrateoftemperatureincreaseoccurswithnegative
anglethanwithpositive-e; thereforeanytoleranceinmounting.
thejetshouldbeinthepositivedirectim.Thesubsequentlubri-
cationstudiesreportedhereinwereconductedwiththeoildirected

,

attheoage-locat~surfaceandperpendiculartothebearingface
becauseoftheforegoingresults.

Effectofjetdiameter.-Mbrioationofthetestbearingusing
a seriesofsetsofvariousdiameterswasundertakentodetermineif
thejetsizeinfluencedthsbearingoperatingtemperaturesatequal
rates”ofoilflow.A preliminarystudywasmadewithtype-Ajets .
(fig.2(a)).Theresultsareshowninfigure6forbearing9 over
a rangeofoilflowsfrom1.4to12.9poundsperminuteata DIVof
1.43x 106anda loadoflK5pounds.Theoilinletpressureranged
from5 to90poundspersquareinchfortheinvestigationofthis
groupofjets. .

Elgeneralthemaximum,mean>andminimumouter-racetemperatures
aswellastheinner-racetemperaturesdecreasewitha decreasein
#etdiameterovertheentireflowrange(fig.6). Itistherefore
evidentthattheinitialoil-streamvelocity(ortheoilinletpene-
tratingforce)isa significantfaotmregardingtheeffectivenessof
thestreamofoiltocoolhigh-speedrollerbearings.

.

.

.
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Inordertostudyfurtherthe”effeotsofinitialoil-stream .
velooity,a groupofsmallerjets(typeB,fig.2(b))wasinvestigated ●

overawiderangeofoilflowswithoilinletpressuresupto400
poundspersquaretioh.Theoriginaldataareshownforbearing6 in
figure7at DNvaluesof0.3x106,0.735x106,0.995x106,and
1.2x 106fora loadof368pounds.Cover@-theentireflowrangefor
eachjetsizewasimpossibleinasmucha’bthepressuredropexceeded
400poundspersquareinchforthesmallerjetsizes.!L!hebear-
temperaturesdecreasewitha decreaseinjetdtameterovertheentire
flowrange(fig.7);thisdecreaseintemperaturewitha deoreasein
jetdiameteroccursata fasterrateatthehigherlll’fvalues.The
effectofjetsizeisalmostnegligibleata DNvalueof0.3x 106.

Theeffectofjetsizeontheouter-racemaximumtemperatureof
bearing6withoilflow

3
theparameterforDisvaluesof0.735x 106,

0.995x106,and1.2x1O anda loadof368poundsisshowninfig-
ure8(a).A similarplotforinner-racetemperatureisgiveninfig-
ure8(b).Th@fatiedcurvesoffigure8 havebeenobtaineabyoross-
plottingtheoriginaldataOf’figure7. Fora givenflov,’theouter-
racemaximumtemperaturedecreasesapproximatelyasa straightUnewith
a decreaseinjettieterforeachRNvalue(fig.8(a)).Theinner-
racetemperature(fig.8(b))decreaseswitha decreaseh Jet.diameter
ata rategreaterthanlinear;thisrateincreasesforthehigher11’J
values. Theserelations- furtheranalyz6ainthesection“Analysis
ofl@erimentalResults.”

.
!CheeffectofDNvalueonouter-racemaximumandinner-race

temperaturesofbearing6withoilflowastheparaamterforeachjet
sizeisshowninfigure9. Thesefairedcurveshavealsobeenobtained
bycross-plottingthecmiginaldataoffigure7. I& alljetsizes
andallvaluesofoilflowinvestigated,theouter-racemaximumtempera-
tureandInner-racetemperatureincreaseessentiallyasstaai@t-1.ine
functionswithincreaseinllllvalue.

Powerrequiredforoildelivery.-Thehorsepower(l@)required
todeliveroil(whenanavemgespecificgravityforoilof0.854is
assumed)maybedeterminesbytherelation

hp= 8.18x10-5pM
n (1)

.- . ..__.— . —--- ——.. - — ——:. .— ——-. . -— — .._—..-T—.—z
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. where

P WmQ outletpressure,pouudspersquareinch

M oilflow,pomdsperminute .

Forexample,anindicationofthepowerrequiredtodeJdver
2poundsperminuteofoilthrcrugha 0.048-inchjetis0.0095horse-
power,ascalmlatedusinganollpressureof29poundspersquare ,
inchenda pumpefficiencyof’50percent.~’ordertodeliver4.5
poundsperminuteofoiltiu?ougha 0.035-inch”jet,0.18horsepomr
isrequiredascalculatedusinganoilpressureof400poundsper
squareinchanda pumpefficiencyof80percent..

Althcn@thisinvesti~kionwasconductedfcmthe,mostpartat
a loadof368pouuds(theapproximategravityloadactinguponthis
t~e ofbearingiutheaircraftgas-turbineengine)>theresultsmay
beusedforhigherleadsinasmuchasreference1 showsthatthereis
onlya smallincreaseinb~ing operatingtemperaturefortheload
range368to1113pounds.

Theemerimentalresultsofthepresentinvestigationindicate
thatthecoolingeffectoftheoi+isa functionofthevelocityof
theoilaswellasoftheamouutofoil.Anaaalysisoftheseeffects
withre@rdtobearingtemperaturefollows.

Velocityeffect.-Thejetvelocitymaybecalculatedfromthe
jetsize.forvariousoilflowsfromtherelation

inwhichanaverage
andwhere

v averagestream

v = 0.0574+a

specificgravityforoilof
.

velocity}feetpersecond

a jet diameter, inch

.

#

(2)

0.854isassumed,

,!

.

.
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Eorconvenienceinestimatingtheoilinletvelocity,equation(2) ‘
isplottedinfigure10forjetdiametersfrom0.02to0.2tichand
oilflowsfrom0.5to12poundsperminute.

An increaseofoilinletvelocityata givemflowdecreasesboth
theouter-racenwximumandtheinner-racetemperatures(fig.I.I.).
Theinner-racetemperaturedecreasesmorerapidlythantheouter-~ce
maximumtempemttarewithanincreaseinoilinletvelocity.This
effectisparticularlyevidentatthelowervaluesofoilflow,for
whichmginedesignersalwaysstrive.TheeffectofoilNet
velocityisgreaterforvelocityvaluesbelowabout60feetper
See-; therefme f~ 8atisfactiylu~icati~eff8ctivene88Ja -i -
mumoilinletvelocityofapproximately60feetpersecondisrecom-
mendedforconditionss~lar tothoseinvesti~tedherein.For
example,ata DITof1.2x 106,thesaneinner-racetemperature(200°@
maybeobtainedwithanoilflowof2pouudsperminuteaswithanoil
flowof6poundsperminute,iftheoilinletvelocityis120feetper
seccmdforthelowfltiand24feetpersecondforthehi@ flow.

Theincreasein Imarfn.gtemperature,whichoccurswhenthejetis
dtrectedatanangleotherthanzero(fig.5),maybeaccountedfor,
inpart,”bythedecreaseinjet-stmamvelocity perpendiculartothe
bearingface.Whenthedataoffigures5 and11arecompared,itis
foundthatthedecreaseinjet-streamvelocity,perpmdiculertothe
bearingface,approximatelyaccountsfortheincreaseinbearing
temperaturefurplusanglesof#etimpingement.I?orminusangles
ofjetimpingemaut,however,thebearingtemperatureisappreciably
greaterthancanbeattributedtodecrease@ velocityperpsmdicular
tothebearingface.

Heat-tmaneferconsiderations.-Theapplicationofrigorousheat-
transfertheorytoobtaincoolingcorrelationsforhigh-speedroller
bearingshavingjetlubricationrequiresconsiderablymoretheoretical
developmmtandeqymimantaldatathanareatpresentavailable.By
employingexistingheat-transfertheoryandsimplifyingasswqptione,
however,itispossibletominimizethenuniberofvariableswhen
certainoftheresearchdataticludedhereinareplotted.These
heat-transferconsiderationsaregiveninappendixR.

Asa firstapproximation,equation(B7)ofappeadixB i?qpliesthat.
thevariablestobeplottedfora vanoilinlettemperatureandbear-

(TIR-TOI)~ d ~ where
.

ingleadare
()

(1’IR-TO1)isthedifference
(DN)Y E

.

----- ---- .,- ——-—-. .- - . .—. —._. -.— . ..__
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betweentheinner-raceWar- temperatureandtheoilinlettemp~-
turein%, DNistheboreinmil.llmetersmultipliedbythebearing ..
speedinrpm,d istiejetdiameterininches,and M istheoil
flowinpouudsperminute.Theconstantandthee~onentinequation
(B7)aredependentupontheparticularapplication. Jl-l

Theinner-race-temperaturedataoffigure7 areshownreplotted‘

(r
dxinfigure12onlog-logpaperwith (T~+!O1)astheordinate,~

astheabscissa(d isininchesand M inlb/rein),andJetdiameter
astheparameter.(Thereisnobasisintheanalysispresentedin
appendixB forchangingthevalueofthee~onentx fromone;
however,thischangewasfoundtogiveempiricallybettercorrelation.)

Theexpment.x wasdeterminedbyplottingdx/Magainst
(T~_TO1)onlog-logpaperusingvariousvaluesof x fw eachofthe
DNvaluesinvesti~ted.Thefinalvalueof x fora givenDNwas
Men asthatvaluewhichresultedintheleastscatterofdataandthe
strai@testhe throughthedata.Thevalueof x wasfoundtobe
essentiallyconstantforthevariousDNvaluesinvestigated.

Theexponentn wasobtainedforeachDNvalueastheslopeof
theftiedstraightlinedrawnthroughthedataoffigure12. Itnay
beseenfromfigure12thatthevalueof ‘n didnotvarygreatlywith

.

DN.

() ..
Theexponenty inequation(B7)wasdetemninedbyplotting~d~n

a@nst (T#!O1) withoilflowastheparameter(fig.13).Represen- “
tativevaluesofx = 0.8andn = O.4wereusedforthiscorrelation.
Straightlineswerefairedthroughtheoil-flowcurvesforeachDN
valuetoobtainmeanvaluesof (’I&’101)atvariousvaluesof

()#.8 ().4 (T~-T()~)‘
T ; (DN)Y

wasthendeterminedforvariousvaluesof y.

Thefinalvalueof y wastakenasthatvaluewhichgavethe’least
percentagedifferencebetwwmthefourDNvaluesovertherangeof

()
dO.80.4
Y investigated.

.
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Thefinalcooling-cmelation
whichisa plotofequation(B7).
offigure14isthe

investigated.This

against()dO.80.4T

curveisshowninfigure14,
Theslopeofthestraightline
ofequation(B7)fortheconditions

(T~-TOI) i8 plottedcurveindicatesthat,when—
(~)1.2

fora givenoilinlettemperatureandbeariggload,

a representativesingles-baightl~e resultsregwdlessofwhether
bearingspeed,oilflow,orjetdiameterisvaried.

Effectofsurfacefinishatcage-locatingsurfaceandcage
pockets.-Thevaluesofthesurfacefinish(obtainedbyuseofa
Profilometer)ofthecomponentpartsofa samplebearingsimilarto
thetestbearingsusedherein,aregiveninreference1. msmuch as
thecageofaninner-race-ridingcage-typebearingridesontwolands,
oneoneithersideoftheinner-racerollertrack,thesurfacefhish
oftheseinner-mcelands,aswellasthesurfacef~sh ofthemating
cagesurface,issignificant.Thesesurface-finishvaluestogether
withthecage-pocketfinishareasfol&ms:

(micrrches
Ihner-race3ands:

Leftl.and,axially. .. d... . . . . . . . ...10-12
Ill&tl.and,axially.’.,.... . . . . . . . ...8-9
Leftl.and,circumferentially.. . . . . . . . . . . 3-5
Ri@tland,circumferentially.. . . . . . . . ...3-4

Cage-locatingsurface:
Iaftandrightsurfaces,a@.ally. . . . . . . ...30-40
Leftandrightsurfaces,circumfer’mtially. . . . .20-25

Cagepockets:
~y . . . . . .. . . . . . . . . . . . . ...18-22
(%hCUUlfWeIltia~. . . . . . . . . . . . . . ...18-22

Muchcanprobablybedonere~dingclosertolerancesofsurface
finishesatthecriticallocationspticularlyatthecage-locating
surfaceinordertoenablethesesurfacestofunctionwitha minimum
offriCtiti heat.

concluding remarks. -Thecagedesignofhigh-speedroller
bearingscouldbemodifiedsoastoinducetheflowoflubricahtto
tie=-s mere Itismostneeded.Theadditionofexpedimtly
designedchamfers,grooves,andpassagewaysshouldenhancethelub-
ricatingandcoolingeffestivenessofa givenquantityoflubricant.

. . . . . .. ... —.... . .. . ___ —._ _______ —7— .—c -..,—— _—._ _____ . _ ____
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Inasmuchasoperationatthecage-locatingsurfacesandinthe
cagepocketsisthoughtto~occurintheboundaryregionoflubri-
cation,thefrictianpropertiesofthecagematerialjwithrespect
tothesteelused,arealsoimportantconsiderations.Improvedcage
materialsandimprovedsurfacef-shes mayoffermarkedadvantages
inthisrespect.

Inane~erimentalinvestigationofsingle-setlubricationof
75-millimeter-bore(size215)cylindrical-roller,i.nuer-race-riding
cage-t~ebearingsathighspeedsovera rangeo!foilflowsandjet
diameters,itwasfouudthatforthepositionsinvestigated,the
inner-andouter-racebearingtemperatureswereaminimum
whentheoilwas~ected perpendiculartothebearingfaceatthe
cage-locatin&surface.

Thefolloufngresultswereobtainedwhm theoilwasdirected
perpendiculartothebearingfaceatthecage-locatingsurface:

1. ForallJetdiamet=sandallvaluesofoilflowinvesti-
gated,theouter-race;mximumtemperatureincreasedlinearlywith
anincrease-hDNvalue.(DNistheproductofthebearingborein
mmandshaftspeedinrpm.) Theinner-racetemperature,howev=j
increasedwithINvalueata rateslightlygreaterthanlinear.

2. Anincreaseinoilinletvelocityata givenflowdecreased
boththeouter-raceandtheinner-racetemperatures.Itappears
thata pointofdiminishingreturns,regardingtheeffactivenessof
anincreaseofoilinletvelocity,occursatabout60feetpersecond
fortheconditicmsinvestigated.

3. Heat-transferconsid-tioneindicatedthattominimizethe
numberofparameterswhendealingwithinner-racetemperaturesthe

(~-Tel) ~ + n,*=8
variablestobeplottedshouldbe

(DN)Y ()
(~-To-disthedifferacebetweentheinner-racebe&@ngtempeu’a-
tureandtheoilinlettemperature,d istheoil-jetdiameter,M is
theoilflpwand n and y areconstants.Itwasempiricallyfoundj
howeva,thatthevariable(d0”8fi)ngavebettercorrelationthan
did (d/M)n.

.—. ,--- —— , -- .—— ---
. ..’. -.. , . . ... . ,:./.-,

,-“.,

.

,,.

.
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. *. ~en(~-TOI) ()aOc8004 ~ma
(DN)1S2

wasplottedagainst~

givenoperatingcdndition,a representativesbgl.estraightline
resultedregardlessofwhetherbearingspeed,oilflow,orjetdiame-
terwasvaried.

13

LewisFld@tl?rOpdSiOIlkhoratory,
NationalAdvisoryCommitteeforAeronautics,

Cleveland,Qhio,Januaq16,1950.

,
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A3?PEND32KA
.

Duringcalibration ofthejets,theflowdidnotsignificantly
varywitha ohangeinoilviscosityfora givenjet.Dimensional
analysisshowsthatthisresultistobee~ectedfora jethawing
a length-diameterratioapproachingthatofa plateorifice
(reference4).

Forcertainofthejetsinvestigated,thepressure-flowcurve
wasdiscontinuousandhencetwovaluesofflowwereobtainedata
criticalvalueofpressure.A determinationoftheReynoldsnumber
atthecritioalpreesuresindioatevaluesofReynoldsnumberbelow
thecritioalrangeof1200to2500fortheresultscoveredinthe
investi~tionreportedherein.

A calculationofthecritioalpressures(reference4),above
whioha jetwillnotflowfull,maybederivedbymeansofthe
Bernoulliequation.

Forjetshavinglengbh-diameterratiosof2.5orgreater,the
valuesoftheexperimentalandcalculatedoritioalpressuresclosely
agree.Forjetshavinglength-diameterratiosofapproximately1,
however,theexperimentaloritioalpressureswerelessthanthe
calculatedvalues.Thiseffectistobee~ected,forveryshort
jets,inasmuchasforvaluesof~essurebelowthecalculatedcritical
pressure,thelengthoftheoil-streamconvictionmaybegreaterthan
thejetlengththusoaueingtheslawmofoiltoflowfreeofthejet
prematurely(thatis,withregardtocriticalpressure).Thediscon-
tinuityofthepressure-flowcurveisthusprobably.duetothetran-
sitionfromfulljetflowtoflowfreeofthejetratherthandueto
a transitionfromlsl&lartotln%ulentflow.

3
l-l

.

InorderfortheoiljettoflowfuIlovertheentirepressure
range,properlyroundedinletsshouldbeprovidedinsteadofsharp
cmers. Sham-edgedorificeswi12alsohavea continuouspre.esure-
flowrelation.

,.
.

.

.—.—— -—.-~ -.. .,-- ---—.. . . . . ,-.~-.. ,. ---,.- . .
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The
Cul.arto
relation

where

h

D

k

E

P

v

M

CP

6

n~m

APPENDIXB

C~OIi OFINNER-RACETIWPERATURE

WITHOPERATINGVXKMBIES

heat-transfercoefficimtfora liquidflowingperpendi.
a cylindermaybeestimatedbymeansofthefollowing
(refermce5):

coefficientofheattransfer,Btu/hrsqft%

characteristicdiameter,ft

thermalconductivity,Btu/&ft%

e~erimentalconstant

density,slugs/cuft

velocity,ftjhr

viscosity,lb-?m/sqft

specificheatatconstantpressure,Btu/slug%

gravityacceleration,ft/hr2

arpcnents

(Bl)

h ordertocorrelateinner-racewaytemperaturesofhigh-speed
inner-race-ridingcage-t~erollerbearingshavingsingle-jetlubri-
cationdirectedatthecage-locatingsurfacewithoperatingvariables,
theaboverelationmaybem@oyed,togetherwiththefollowing

constantoilInlettempemture,bearingspeed,and
and k areeffectivelyconstant. ●

..— ----- .—— . ..— ..-. — -=- ___ . . ------ . _. —- __.. -- ._ ___
. . . . ... .. . . . ., . . .
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(b) Thethiclmessof
theinner-racewayassembly
ata givenflow.

KACATN2216

flowuponthecooled-surfaceareaof
isproportimaltqtheoil-jetdiameter “

(c)At anyinstant.thecooled-surfacearea(annular)ofthe g
inner-racewayassenitd.yisprofiartionaltothediamteroftheoiljet.

(d)Theoilinlettemperatureisusedincorrelatingthebearing
inner-raceopez%tingtemperaturewiththeflowparametersratherthan
themeanoiltemperature.

(e)Asa firstapproximation,theheatdevelopedwithinthe
bearinginnerraceisconsideredtobeessentiald.yindependentof
oilflowandtoremainconstantfora givenspeedandload.

(f)Themajorityoftheheatremovedfromtheinner-raceway
asseniblyisremovedhytheoilimpingingatthecage-locatingsurface.

(g)Thepowerinputtotheinnerraceisproportimalto (DN)y.

Byusingassumption(a)equation(Bl)&n bereducedto

h =E’ (+~-1) (B2)

Where

Et = I@cpw+m) (JAm-n)

Whenassumptions(b)and(c)areemployed,equation(B2)becomes:

.

where

M flow,lb/lm

‘d jetdiameter,ft

a proportimalityconstant(seeassum@icm(b))

-b proportimalityconstant(seeassumption(c))

(B3)

“

.

—
,., —~--- . ... . -.-. —-.— .-.,, ,. . . . . . -
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Theheatflowfromtheinnerraceofthebearingmaybeesti-
~tedusingassumption(d)andthefollowingequation:

H =~ (TIR-ToI) (B4)

where

H heat~lOW,Btu/hr

A cooledarea,Sqft

h coefficientofheattransfe??,Btu/hrsqft “OF

~ inner-racetempe=ture,%

To1 oilinlettemperature,OF

Byemployingassumptions(c),(e),and(f),equation(B4)for
a givenspeedaudloadbecomes

H =P = (b)(d)(h)(~-TOI)”=constant (B3)

where

P powerintoinnerrace,Btu/hr

b proportionalityconstant(assumption(c)).

Whenequation(B3issubstitutedintoequation(B5)

()“ (T&Tol) =E’‘‘ ; n

where

a+
“‘‘ =(E)(C.#w-m)(1.1~-n)

Et1~ isassumedtob.eessentiallycmetantforgiven
inlettemperature,bearingspeed,andbearing

.

(B6)

.

valuesofoil
load.

. . . . . .—--- . . .. .----- ------ ----- -.— ---- -- .-— -—-— — - -.-—. — — --------- ------— -—- -
,. ,..
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Whenassumption(g)isinlmoduced,equation(B6)becomes

where

.

(B7) ]

Etltt = (a)nc “
E(cp)m(#-m)(Mm-n)

where

c proportionality constant(assumption(g))

Theforegoingheat-transferconsiderationsindicatethatasa
firsta~roximationthedatafora givenoilinlettemperature,
bearingspeed,andbesringloadmaybepresentedbyplottingthe

variable(TIR-ToI)
()
Ana@nst ~ w

(DN)y

1. MEclm,E.Ered,andI’?emeth,ZoltonN.: Investigationof75-
Millimeter-BoreCylindricalRollerBearingsatHighSpeeds.
I -InitialStudies:NACATN2128,1950.

2. Wilcock,DonaldF.,andJones,FrederickC.: ~Cved High-
*

SpeedRollerBearings.Lubrication~. ~vol.5,nO.3,
June1949,pp.129-133;discussion,vol.5,no.4,Aug.1949,
p.184.

3“ J=@Pm, Arvia:= andRollerBearingEngineering.S.H.
Burbank& Co.,w. (I%ilaaelphiajm.), 1945.

4. Dodge,RussellA.,andThompson,MiltonJ.: FluidMechanics.
=1’aW-~~ BookCo.,bC .,.1937.

5* Jakob,Max:HeatTransfer.Vol.1. JohnWiley& Sons,Inc.,
1949,pp.491,563.
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TABLBI - PHYSICALCEARAC~ISTICSOFTESTBBARIN8S

Bearlmmmber I a I Q I u
I 1

Conatruotion One-pieoeinner-raoe-ridingoage -

Numberofrollers 18 18 18

Rollerlength-diameterratio “ 1 1 1

Pltohdiameterof-bearing,(in.) 4.0S6 4.036 4.0S6

Before After BeforeAfter BeforeAfter

Totalrunulngtime,(&) o 38.6 0 44.7 0 195.9

aAtemperature(%’)x time(rein)0 ?L22xlo5o l.lmxloso 11.64x105

Rollerdiameter,(in.) bo.ssl?i0.5509bo.551s0.5510bo.551s 0.5510

Rollerlength,(In.) bo.sslo0.5509bo.s.mo0.5510bo.sslo0.5507

Dlametralolearanoebetween bo.oos70.0076bo.oo870.0103bo.oo870.010
oageandroller,(in.)

Axialolearanoebetween bo.oog0.002bo.002 0.0022bo.oog0.002
rollerandinuer-raoe
flange,(In.) ,

Axialolearenoebetween bo.oos0.005 bo.oo’?0.008 bo.oo7 0*OC9
rollerandoage,(in.)

Unmountedbearing:
OD&a~&olearenoe,(in.)

0.00180.0019 0.00160.0017 0.00200.0022

Cage .021 .021 .014 .017 .015 .018

dEooentrioity,(in.) .0000 .0002 .0000 .0000 .0000 .0002*
Mountedbearing:
%iam&rrolearanoe,(in.)

0.00050.0005 0.0062-------0.00090.0009

Cage .019 .022 .013 .016 .014 .017

%ooentriolty,(in.) .0004 .0005 .00045------- .0005 .0004

Remarks Satisfactory Satisfactory Satlsfaotory
operation operation operation

——

.

i

.

-aseverl~faOtor(referenoe1)*
%!easuramentsobtaimedfioasamplebearing.
o~eaammntobtained.infixturewithdialgage.
measurementobtainedinfixturewithdialgage,innerraoe.

rotatingendouterraoestationary.
eMeasur~ntsobta~dasmountedintestrlg withdialgage.
fMea~W-ntEobta~dasm-ted h test.rigwithdial-gage

Innerraoerotatingendouterraoestationary.

.

.— - —-- - - —-. - --- -, .. ---- ——-—-.—-- — -—.—...— . —- —. __ _____ _.. . . ..
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H

z

m1
D d

T
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D d

I

Sizesinvestigated

(i:.) (i:.) I/d (:.)

0.180 @ 00180
●157 0.125 0:80 ●180
.129 .218 1070 .180
.089 .218 2.46 .180

(a) TypeA.

(i:. )

0.129
.089
● 066
.048
● 035
.023

(&o)I/d -(:.)

0.129 1 0.173
.089 1 .173
.066 1 .173
.048 1 ●173
.035 1 .189
.023- 1 .189.

(b) TypeB..

.Figure2. - Oil-jettypesandsizesinvestigated.
●
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Figure4.- Bffeotofo%l-lmlotradiallooatlomonoperatlmgtemperatureofbearlmgS witht~e-B
single-Jetoiroul.stowoilfeedoverflowrangefrab 3 to11poumdeper mmte. Load,S68
ponmde;DM,1.2x l~; oil-jetdiameter,0.0B9inoh;oilinlettemperature,100°F.
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Jet ‘diameter,in.

w
o

(a) .Outer-raoemax@mI temperature. El

Figure 8. - Effeat of jet diameter on operatingtemperaturesof bearing 6 for varkoua oil flows. Load, 966 N
pounde; oil inlet temperature,100° F. s

m

I ,



1414

I

..‘

. .
t

I

.i... ,

.i

I
I

“1
1

,

Dl!,0.735 X 1(%
860

am

Sso

&’

ix oil flow
(lb~ln)

IiW
-.--)?

m / -
f

160 — —4

/’
/ / / - -6

/ / / “ / : 8

140
t 10
- .:.~, /

..

1s0
0 .04 .08 ●18 .16

FigureSo - Concluded. Effeot

Jet diameter, in.

(b) I..er-raoetemperature.

?

DN, 1.S X 106

oil flow
(,lbfin)

/2
//

/
●

/4

/’

/ “

/ / ‘ ,6’
1I

/ ‘ / ‘
I / /- /8

/
/ / ’10

/
/’ / ‘

/

d .04 .*OB ●12 .16

of jet diameter on operatingtemperaturesof bearing 6 for varloua oil ilowa.
Load, S&3 ponude; oil Inlet temperature,100° F.

Ln
P

j



..-

32.
..

280

260

240

220

200

1(+1

160

140

120

1000 ..4 ●8 1.2

(a) Jetdiameter,0.129
inoh.

o .4 .8 1.2

(b) Jet~~ter,0.089 (o) Jetd&m&er,0.066

2
6

8

6

F~gure9. - EffectofDl?onouter-raaemaximum
6 forV=tOUS oil f’10WSe
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Figure10.- Varzationofjetdlemeterwith
looityforvarious oil flows.
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Figure12. - Determinationof exponentn for coolingcorre- .
lationequation[(TIR-TO1)= E&’(dooW )n]forinner-race
temperatureof bearing60 Load,368pounds;oilinlet
temperature,100°F; oilflows,0.6 to 12.9poundsper

.

minute;oil-jetdiameters,0.023to 0.129incht
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- Coolingcorrelationoqea forlnner-raoetemperatureof bearing6 at DN v~luea
0.3x 106,0.735x 1$,’0.995x 10,and1.2x 106.Load,368pounds:oil.inlettempera-
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